Background: Healthy sleep among children has social, physical and mental health benefits. As most of today's children do not meet the healthy sleep recommendations, effective interventions are urgently needed. This systematic review summarizes the characteristics and effectiveness of interventions aiming to stimulate healthy sleeping in a general population of school-aged children. Methods: The search engines PubMed, Embase, Web of Science, PsycInfo and the Cochrane Database Library were systematically searched up to March 2016. We included all studies evaluating interventions targeting healthy sleep duration and/or bedtime routines of children aged 4-12 years. All steps in this systematic review, i.e. search, study selection, quality assessment and data extraction, were performed following CRD Guidelines and reported according to the PRISMA Statement. Results: Eleven studies were included, of which only two were of strong quality. The interventions varied in terms of targeted determinants and intervention setting. Overall, no evidence was found favoring a particular intervention strategy. One intervention that delayed school start time and two multi-behavioral interventions that targeted both the school and home setting showed promising effects in terms of increasing sleep duration. Conclusion: Due to few high quality studies, evidence for the effectiveness of any particular intervention strategy to stimulate healthy sleep in children is still inconclusive. However, the more effective interventions in stimulating healthy sleep duration and adherence to regular bedtimes were mostly multi-behavioral interventions that included creating daily healthy routines and combined intervention settings (e.g. home and school). In conclusion, high-quality studies evaluating systematically developed interventions are needed to move this field forward.
Introduction

T
here is increasing evidence that insufficient sleep and irregular bedtimes in children contribute to a range of problems such as impaired cognition, [1] [2] [3] behavioral difficulties (e.g. aggression, emotion regulation difficulties), 4, 5 impaired normal daily functioning, 6 reduced academic performance 7, 8 and a higher risk for developing obesity. [9] [10] [11] The US Center for Disease Control (CDC) and the British National Institute of Health (NIH) recommend that children (4-12 years of age) should sleep 10-11 h per night for an optimal night rest. 12 Recent literature shows that sleep duration has significantly declined over the last decades with most of today's children not meeting these sleep duration recommendations. 13, 14 Therefore, there is an increasing need for interventions that stimulate children to have regular bedtimes and sleep sufficiently.
Thus far, most interventions that aim to improve sleep habits among children have focused on specific, or clinical subgroups of children, e.g. those with attention deficit hyperactivity disorder, 15 bedtime tantrums, 16 diagnosed sleep problems 17 or other medical conditions such as autism. 18, 19 Such interventions might not be transferable and applicable to the general population of children, as these interventions focused on population-specific determinants of healthy sleep, which might be different in the general population. Thus, interventions are needed to stimulate the general population of children to obtain healthy sleep, i.e. sufficient sleep and regular bedtimes. In order to determine whether such interventions currently exist and to know whether it is necessary to design new interventions, an overview of the existing intervention literature is needed. Currently, one systematic review on the topic exists, which summarized interventions that aimed to stimulate healthy sleep duration in children (4-12 years) and adolescents (12-18 years) . 20 However, 10 out of 11 interventions included in that review targeted adolescents, which hampers applying its recommendations to children. Our review specifically focuses on 4-to 12-year-old children, as sleep and its determinants significantly differ between children and adolescents. 21, 22 As a consequence, interventions influencing healthy sleep among children may differ from interventions targeting adolescents. 23 In addition, the review of Blunden et al. 20 only included interventions aiming to improve sleep through educational school programs. Our review also includes intervention strategies other than education as well as settings other than the school (e.g. the home). As the review of Blunden et al. included studies up to 2011, an updated and more extensive review on this topic is in place. Therefore, this systematic literature review summarizes the characteristics and effectiveness of interventions targeting sufficient sleep duration and regular bedtimes in 4-to 12-year-old children, and to possibly identify effective intervention strategies for future interventions.
Search strategy
We systematically searched the main databases from health sciences, social sciences and psychology literature, i.e. PubMed, PsycINFO, EMBASE, Web of Science and the Cochrane Library up to March of 2016 The search consisted of three 'search blocks': (i) target population were children aged 4-12 years, (ii) the study evaluated an intervention, and (iii) the outcomes of interest were sleep duration and/or bedtime routines. These blocks were combined by the Boolean 'AND'-function. Synonyms, conjugations and plural forms of the search words were also included in both UK and US English spelling. When possible, filters were set to only include peerreviewed articles written in English. Search terms related to the target population included child Ã , kid, girl Ã , boy Ã and youth. Intervention studies were selected by adding the terms intervention, experiment, trial, RCT, program and programme. Finally, search terms related to the outcome of interest included sleep, time in bed, night rest, sleeping, bed time and bedtime. For all terms in the first three search blocks the search engine 'Index Terms' were also added. In PubMed, for example these are referred to as the MeSH Terms. Finally, in order to exclude studies that include specific subgroups, we integrated the terms apnoea, study protocol, syndrome, disorder
Unexpected Death in Infancy, SUDI, apnoea, sleeping position and OSA via the Boolean 'NOT' function for article title in 'search block 4'. Block 4 was added after learning that when the first few hundred hits with vs. without block 4 were compared and that this did not dismiss any eligible papers, but did strongly reduce the amount of irrelevant papers. For an example of a complete search string (PubMed), see Supplementary Appendix A1.
After initial inclusion, all articles scheduled for reading in full text were also used for citation tracking as a secondary data collection method (backward tracking). Additionally, we performed a citation search by checking papers that cited the included articles (forward tracking). Articles that we identified via these secondary searches underwent the same selection process as the initial articles.
If we were unable to retrieve the full text version of an article, we contacted its authors and asked for the full text version. If we did not receive the full text version after multiple efforts, the procedure was continued without that article. This resulted in one article that could not be retrieved by its author and two abstracts that turned out to be conference abstracts and not full papers.
The following four inclusion criteria were used: (i) publication type: peer-reviewed journal articles or dissertations; (ii) study type: evaluation of an intervention; (iii) study population: a general population of children; i.e. no specific sub-population of children with certain disorders, problems or experiences; and (iv) article language: English.
Study selection
We imported all retrieved records in Reference Manager and duplicates were hand-searched and removed. All titles and abstracts were screened independently by two researchers (V.B. and T.A.). In case of disagreement a third researcher was asked for an inclusion decision. Selected full-text versions of all articles were independently screened in duplicate by three researchers (V.B., T.A. and I.H.). A third researcher (M.C.) resolved any disagreements between two researchers.
Data extraction
Data from the articles included in the full-text review phase were independently extracted in duplicate by researchers V.B., T.A. and I.H. A third researcher (M.C.) resolved any disagreement between the independent researchers. If needed, we contacted the corresponding/lead authors to provide missing information. We extracted the following data from included studies using a structured form:
gender, age and control/intervention status of the participants, description of the intervention strategy/strategies, intervention setting, intervention duration, and study follow-up, description of the control group/situation, sleep outcomes that were targeted and a short summary of the study findings.
We described intervention strategies according to standardized behavior change techniques, as described in the Behavioural Change Taxonomy version 1. 25 
Study quality assessment
The methodological quality of the articles was assessed independently by two researchers (V.B. and T.A./M.C.) using the Quality Assessment Tool for Quantitative Studies of the Effective Public Health Practice Project 26 (see Supplementary Appendix A2). The used quality items were (i) risk of selection bias, (ii) strength of the study design, (iii) quality of statistical analysis and whether appropriate confounders were taken into account, (iv) whether assessors and participants were blinded to the study conditions, (v) whether data collection methods were valid and reliable, (vi) withdrawals and drop-outs, and finally (vii) whether the intervention was implemented and measured as intended. Any disagreement between the two researchers was resolved by discussion. The quality score was not used to exclude certain (e.g. low-quality) studies from the review, but rather to provide more insight in the quality of the existing evidence and to better value the recommendations that followed from the included studies. Hence all studies were integrated in the results synthesis.
Results
The systematic literature search retrieved 2555 articles. After removing duplicates and checking inclusion criteria, we included 11 relevant articles that evaluated an intervention aimed at stimulating healthy sleep in children aged 4-12 years. The main reasons for excluding studies were that the study targeted adolescents and/or a specific (clinical) subgroup of children. Figure 1 shows the flowchart of the total inclusion process.
Study characteristics
A total of 11 studies were included in the review. Six out of these 11 were conducted in the USA, [27] [28] [29] [30] [31] [32] Figure 1 Flowchart of the review process interrupted time series design. 34 Only two studies received a strong quality rating; 27, 28 , three were of moderate quality 33, 35, 36 and six were rated as weak. [29] [30] [31] [32] 34, 37 The most common methodological limitations were selection bias and loss to follow-up, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] unknown or lack of blinding of participants, 27, [29] [30] [31] [32] [33] [34] 36, 37 unknown or low validity and/or reliability of data collection methods, 27, [29] [30] [31] [32] 34, 35, 37 and no information on implementation quality. 28, 29, [31] [32] [33] [34] [35] [36] Study duration ranged from 2 weeks to 5.5 years with annual followups. More details on study characteristics are presented in Table 1 .
Intervention characteristics
Most interventions were performed in the school setting. 29, 30, [32] [33] [34] [35] [36] [37] Other targeted settings were the home environment, 27, 28, 30, 31, 36, 37 parental workplace 31 and community. 37 Several studies targeted the home and school setting. 30, 31, 36, 37 Most interventions not only targeted sleep duration and bedtimes but also other behaviors simultaneously, such as physical activity, 28, 34, 35, 37 diet 28, 30, 35, 37 or watching television. 27, 28, 37 Further details on the applied intervention strategies and Behavioral Change Techniques are shown in Table 2 .
Intervention effects on healthy sleep
Five of the 11 included studies found significant effects on children's sleep duration, 28, 30, 33, 36, 37 with only one study 28 of strong methodological quality. Intervention effects varied from 8 min/night 37 to a 45 min/night 28 in favor of the intervention group. The remaining six studies found no significant intervention effects on sleep duration, sleep hygiene or bedtimes. In three of the five interventions with significant effects, these effects were sustained from 6 months up to 2 years after the intervention. 28, 33, 37 One of these interventions received a strong quality rating, 28 one a moderate quality rating 33 and one a weak quality rating 37 so a trend between a strong intervention and strong evaluation study was not apparent. Other benefits included less variability in sleep duration 31 and a reduction in sleep onset latency.
27,31
Discussion
This systematic literature review summarizes the characteristics and effects of interventions aiming to stimulate healthy sleep in children aged 4-12 years. Eleven studies fulfilled the inclusion criteria. These studies differed from each other in terms of methodological quality, applied intervention strategies, targeted determinants and the setting(s) where the interventions took place (e.g. at school, home or community). Of the included studies, five were successful in significantly improving children's sleep duration, although effects were only sustained in three of them (follow-up >6 months). 28, 33, 37 Additionally, sleep onset latency was improved in two studies (effects sustained at follow-up in one 31 ) and daytime sleepiness 33 and sleep duration variability 31 were improved, each in one study. Of the five interventions showing positive effects on sleep duration, one had a relatively simple approach: delaying school start time. 33 The other four successful interventions combined different intervention settings and strategies, mostly focusing on a combination of changing the social and physical environment, and daily healthy habit formation. 28, 30, 36, 37 However, even among these four multicomponent interventions, only two reported significant positive longer term effects on sleep duration (8 and 45 min in sleep duration per night in favor of the intervention group after 2 years and 6 months, respectively). 28, 37 Although the relatively modest number of included interventions prevents us from drawing any generalizing conclusions on (in)effective approaches, we identified certain common denominators among the studies that showed positive results. Firstly, these studies mostly combined the school and home setting. School is usually the favorite setting in most behavioral change interventions, while the home setting, with a strong parental influence in behaviors such as healthy sleeping, is the place where sleeping actually takes place. Therefore, it is conceivable that the combination of the school and home setting might be especially relevant when aiming to improve sleep. This setting-transcending approach, referred to as the Whole School Approach in the health promoting school literature, 38, 39 has been shown to often have stronger potential for sustained behavioral change than interventions that aim to change complex behaviors via a single-setting approach.
Secondly, interventions that integrated different behavior change strategies showed promising effects on sleep duration and setting regular bedtimes. This is in line with other research showing the general ineffectiveness to drive sustained behavioral change via single-component interventions such as those that solely aim to increase knowledge about the behavior at hand. 30, [40] [41] [42] Thirdly, several interventions included in this review did not only aim to stimulate healthy sleep, but simultaneously also aimed to improve other health behaviors such as physical activity, screen use and healthy nutrition. The underlying rationale behind such multi-modal interventions is that partaking in a certain behavior influences one's mindset and decision-making processes regarding related behaviors, which results in a higher likelihood to be involved with such related, or clustering, behaviors. 38, 43 Due to 'transfer of learning', these interrelated behaviors have been shown to be most effectively targeted by multi-modal interventions addressing widerranging improvements in lifestyle instead of by separate interventions targeting individual behaviors. [43] [44] [45] [46] This way of 'transferoriented learning' facilitates more feasible and effective interventions, because intervention topics can be combined and common determinants transferred and integrated to create multi-behavioral interventions. 46 Previous research has shown this potential for transfer of learning with regard to the so-called health-related 'energy balance-related behaviors' such as dietary behavior, physical exercise and screen behaviors (e.g. playing video games, watching TV) which tend to cluster in children and adolescents. 46, 47 Sleep might also be a potential candidate for this cluster, as research has consistently shown these 'energy balance-related behaviors' to affect each other and sleep behaviors such as getting sufficient sleep, having regular bedtimes and the quality of sleep. For example, different types of screen use (i.e. video games and mobile phone use) have in several recent studies shown to delay sleep onset time and reduce sleep duration in both children and adolescents. [48] [49] [50] [51] [52] [53] In addition, physical activity and sleep have also been shown to be related, with less sleep and less physical activity going hand in hand, for example due to increased daytime tiredness and/or a disrupted day/night rhythm. [54] [55] [56] [57] [58] [59] Also, unhealthy nutrition is another energy balance behavior strongly linked to sleeping sufficiently and having a regular bedtime. These effects are thought to mostly take place because of a relation to metabolic disturbances, 60 ,61 a disrupted circadian rhythm, 62 a disrupted thermoregulation 63 and/or children having more opportunity to eat when going to bed later. [54] [55] [56] 58 Those interventions that aimed to change children's sleep by applying an integrated approach of a combination of other healthrelated behaviors and sleep were mostly effective 27, 28, 37 as opposed to those that only targeted sleep. Wiefferink et al. 46 concluded that a specific behavioral context is also needed to change determinants such as knowledge, attitudes and skills of a given health behavior. Our review findings also seem to confirm this, as those interventions that aimed to drive a change in children's sleep by solely targeting behaviors such as nutrition, 35 physical exercise, 35 screen time 27 or general positive social behavior 39 were generally not effective or less effective than the mentioned multi-behavioral interventions.
Concluding, although small in number, most studies in this review that showed positive effects on sleep duration and/or adherence to regular bedtimes were multi-domain, multibehavioral interventions. These interventions used to some extent [65] [66] [67] ) and demographic determinants (e.g. age, gender, socioeconomic position, race/ethnicity, neighborhood overcrowding, noise levels), 22 ,41,67,68 which thus far have been shown to at least be related to sleep. A more complete pallet of determinants of a healthy sleep enables a systematic behavior change intervention development, e.g. using the Intervention Mapping protocol 23 integrating the total of relevant, changeable behavioral determinants into comprehensive intervention strategies. 23, 38, 39 Another aspect that needs attention is the methodological quality of the evaluation studies. Only two studies received a strong quality rating. Although most studies had a strong design (RCT), they often used measures of unknown or low validity and/or reliability, suffered from potential selection bias or lacked proper monitoring of 34 
School
In this intervention gym classes were organized either in the morning or in the afternoon and so it studied the time-related effects of school gym class on children's sleep patterns. Morning gym classes were from 9.00 am to 10.00 am and afternoon classes from 2.00 pm to 3.00 pm. 
Workplace and home
This intervention (STAR) focused on employee work groups in a large company. The intervention aimed to promote employees' schedule control and supervisor support for personal and family life to decrease employees' work-family conflict and thereby promote the health of employees, their families (child sleep behavior among other things) and the work organization. The intervention included training sessions for managers to learn about the intervention and strategies to support employees' personal and family lives while maintaining high levels of work performance, it included a self-paced, computer-based training followed by real-time self-monitoring of managers' supportive behaviors, and lastly it involved 8 h of interactive work group participatory training sessions (four sessions) for managers and employees (4) Antecedents 4.2 Restructuring the social environmentmood state and mindset of parent(s) was targeted to be more positive in the home environment. The underlying goal of this was to have parents be more knowledgeable about their children's activities and better able to orchestrate family routines that promote healthful sleep patterns in their children
Participants in the control group kept their usual work situation Michels et al. (2015) 37
Home, school and community
Intervention modules targeted personal and environmental factors at the individual, family, school and community level. The intervention modules included key sleep messages at each intervention level. These messages were (i) create a bedtime routine, (ii) remove TV from the bedroom, (iii) be physically active over the day, (iv) eliminate exciting activities just before bedtime, (v) eliminate meals just before bedtime and (vi) ensure appropriate sleep duration (4) Antecedents 4.1 Restructuring the physical environment Removing the TV from the bedroom 4.2 Restructuring the social environment (7) Natural Consequences 7.1 Health Consequences via the educational intervention components. (9) Goals and Planning 9.4 Setting goals (behavior) (10) Social Support-10.2-Social Support (general) via community actions by creating a platform by monthly meetings to discuss activities related to healthy sleeping; a diverse media campaign over the course of 3 months; and family health care providers paid more attention to assessing and counseling on sleep problems and healthy sleep behaviors, and they encouraged parents to be role models in this for their children Via family level actions by handing out a leaflet with key information messages sent to the child's home; children received a colorful, stimulating healthy sleep poster; the family received a podcast explaining the healthy sleep messages in more detail; and communication in the school newsletter on healthy sleep duration and routines Via the individual and school level: 'a healthy week' with all kinds of activities and information on the topic of healthy sleeping ( the implementation of the intervention. Only one of the three studies showing significant intervention effects on sleep duration that were also sustained after the intervention was of strong quality. Future studies should thus take into account both the systematic development of interventions as well as limit potential sources of bias in the effect evaluation.
Limitations
This review is the first to give a summary of all existing universal, preventive interventions that aim to improve children's sleep duration and regular bedtimes. Strong aspects of the review include the methodologically thorough review process by including all (bio) medical, public health, psychological and sociological literature, our structured article selection, data extraction and study quality assessment processes. Also, the focus on effectiveness as well as on the applied intervention strategies can be noted as a strong point of this review. Our review adds to the previous review of Blunden et al., 20 as that review only took into account educational interventions whereas ours included all types of intervention strategies. Consequently, only one intervention was included in both reviews (the ACES program 36 ); all other included interventions in the previous review targeted adolescents.
Unfortunately, given the small number of included studies of often low methodological quality (6 out of 11 were of low quality), this review can only offer few recommendations on how to effectively stimulate healthy sleep in children aged 4-12 years old. This shows the urge to develop and properly evaluate evidence-based interventions to improve healthy sleep among these children. 
Conclusions
This systematic literature review summarized the strategies and effects of interventions that aimed to stimulate children to sleep sufficiently and have regular bedtimes. We included a total of 11 studies of which only two received a strong quality rating. Five of the 11 included studies were successful in improving children's healthy sleep duration, although long term effects were only sustained in three studies. One of the longer-term successful interventions stimulated children to sleep sufficiently by delaying school start time, whereas the other two were relatively complex, comprehensive interventions targeting multiple behaviors. However, the few highquality studies and large variety regarding intervention strategies prevent drawing any generalizing conclusions. Therefore, more experimental intervention research is needed on how to stimulate children to sleep sufficiently and adhere to regular bedtimes via universal preventive interventions.
Supplementary data
Supplementary data are available at EURPUB online. 
Introduction
T he relationship between health disparities and health outcomes is a robust effect across different age groups and types of health problems. [1] [2] [3] A social gradient in sleep has been demonstrated in both children 4, 5 and adults, [6] [7] [8] [9] with those in lower socioeconomic groups typically reporting poorer sleep. However, our knowledge of possible social determinants of sleep among adolescents remains limited. It is not clear whether the SESsleep link generalizes across all age groups, as adolescence is a developmental period with distinct sleep patterns. The transition from childhood to adolescence is characterized by a delay in bedtime and shorter sleep duration related to pubertal development. 10 At the same time, adolescents' sleep patterns are distinct from those in adults, with adolescents have longer sleep duration, more delayed sleep phase and a larger weekend-weekdays discrepancy. 11 Sleep patterns formed during adolescence tend to persist into adulthood 12 and thus the identification of risk groups during this formative period may help early preventive effort. Another incentive to focus on this specific age group is that adolescent sleep has recently been linked to several negative conditions and behaviours, including mental health problems. 13, 14 Moreover, sleep problems are associated with increased school non-attendance, 15, 16 and a metaanalysis including 17 studies of children and adolescents from 2010 confirmed a significant, but modest association between sleep quality, sleep duration, and sleepiness and academic performance. 17 While there is limited research data on social gradients in sleep among older adolescents, a small Canadian study of 237 youths aged 8-17 years found a significant association between SES and selfreported sleep quality and parental-reported sleep duration. 18 However, the wide age range and small sample size limit generalizability of the results. Short sleep has also been demonstrated among adolescents of low SES in a large-scale US longitudinal study, 19 but that study only included very crude measures of sleep and did not examine any possible confounders.
Social disparities in sleep among adolescents may be closely related to other health problems known to be associated with SES. 1, 20 Depression is one likely candidate in this age group, with a high rate of depressive symptoms during the adolescence years. 21, 22 Depression is also consistently related to both SES, 23 and a range of sleep problems. 13 Still, there is a lack of studies attempting to account for potential confounders, probably related to limited statistical power caused by small samples. In adults, the association between SES and sleep problems has been shown to be substantially Social gradients in adolescent sleep
